Electronic cigarettes are a type of electronic nicotine delivery system. In the United States, electronic cigarettes have surged in popularity since their introduction to the market in 2007. Health and safety concerns primarily have focused on e-liquid/aerosol composition and whether these devices represent a gateway versus lower risk alternative to conventional cigarettes. Furthermore, recent incidents have demonstrated the potential for significant orofacial injury caused by device explosion while in use. Herein we report a case of a 20-year-old male who sustained oral burns, lacerations, and tooth loss when an electronic cigarette exploded in his mouth shortly after he charged the battery. Only seven other cases of trauma from intraoral electronic cigarette explosions have been reported in the scientific literature to date, although several similar incidents also have been reported by the news media. Treatment of such patients often requires a multidisciplinary approach. Design/manufacturing issues and improper handling may cause an increase in internal battery temperature. An investigation by the United States Fire Administration concluded that user education may aid in preventing some electronic cigarette explosions, and safety design improvements also could help. Although some studies and authorities support the use of electronic cigarettes for tobacco cessation and harm reduction, recent reports of electronic cigarette explosions raise important safety concerns and point to the need for further studies.
Introduction
Electronic cigarettes (e-cigarettes) represent a type of electronic nicotine delivery system (or personal vaporizer). Since their introduction to the United States market in 2007, e-cigarettes have surged in popularity, although some sources have noted declining growth rates in 2015. 1 Studies by the Centers for Disease Control and Prevention (CDC) have reported current (i.e., every or someday) e-cigarette use in the U.S. among 1.9% of adults for 2012 through 2013 versus 3.7% of adults for 2014. 2, 3 More recently, an Ipsos/ Reuters poll, conducted from 19 May through 4 June 2015, estimated that 10% of U.S. adults are current electronic smokers. 4 Likewise, youth consumption of e-cigarettes appears to be growing rapidly, with the CDC and United States Food and Drug Administration (FDA) reporting increases in use from 2011 to 2014 of six-fold among middle school students and nine-fold among high school students. 5 Although there are countless variations in product design, e-cigarettes typically include the following basic components: airflow sensor (which initiates power to the device upon inhalation); microprocessor; battery; aerosol generator (typically a heating element); and solution (e-liquid) reservoir ( Figure 1) . 6, 7 The e-liquid usually consists of nicotine, propylene glycol and/or glycerol carriers, flavoring agents, and other possible additives (e.g. ethyl alcohol, stabilizers, non-nicotine pharmacologically active compounds). 7, 8 Current scientific evidence regarding the short-term health effects of e-cigarettes is limited, and the longterm effects of e-cigarette use are completely unknown. 7, 9 Health and safety concerns primarily have focused on e-liquid/aerosol composition and whether these devices represent a gateway versus lower risk alternative to conventional cigarettes. 9 Furthermore, recent incidents have demonstrated the potential for device explosion, with significant trauma to the orofacial region. 10, 11 Reports of such explosions mainly have appeared in the popular news media, although a few cases of intraoral e-cigarette explosions also have surfaced in the scientific literature within recent months. [10] [11] [12] [13] [14] [15] [16] [17] [18] Herein we report an additional case of e-cigarette explosion causing oral injury and review the literature regarding such incidents.
Case report
A 20-year-old male presented to our Emergency Dental Clinic complaining of tooth pain. He stated that six days prior, an e-cigarette exploded in his mouth shortly after he charged the battery. During the explosion, his left mandibular central incisor apparently was avulsed. Initially, he sought treatment at a hospital emergency department, where he was treated for burns and lacerations of the upper and lower lips. Plain radiographs of the chest and abdomen and computed tomography of the head, neck, and chest exhibited no bone fractures, foreign bodies, or tooth aspiration/ingestion. The lacerations were irrigated and sutured, and he was prescribed an antibiotic and pain medication. In addition, he was instructed to seek dental evaluation. Subsequently, he presented to his family dentist, who placed glass ionomer over pulpal exposures on the crowns of the maxillary central incisors and tried to reposition the lingually subluxated right mandibular central incisor. However, a constant, throbbing tooth pain persisted in the lower anterior mandible.
The patient had no history of periodontal disease. His medical history included asthma, anxiety, and depression. He was not taking any medications at the time of presentation, and he had no known drug allergies. The patient reported using e-cigarettes in an attempt to quit smoking conventional cigarettes. He also smoked marijuana and denied alcohol use.
Clinical examination showed mild crusting of the upper and lower lip vermilion. Intraoral examination showed granulating wounds in the midline region of the upper and lower labial mucosae (Figure 2 oropharyngeal mucosa appeared intact. Speech and swallowing were within normal limits, and no paresthesia was noted. Radiographic examination showed crown fractures in the maxillary central incisors and the right mandibular lateral incisor ( Figure 3) ; no bone fractures or foreign bodies were evident. The right mandibular central incisor was deemed hopeless and subjected to forceps extraction with local anesthesia. The patient was prescribed 7.5 mg hydrocodone/ 325 mg acetaminophen (Norco) for pain and instructed to return for further evaluation and treatment. However, he was lost to follow-up.
Discussion
A review of the scientific literature reveals only seven other reports of traumatic injuries from e-cigarette explosions that have occurred while in the user's mouth. 11, [13] [14] [15] [16] [17] [18] Descriptions of such incidents have been limited to case reports and a letter to the editor, all of which have been published within the past year. The patients were all male and primarily young adults (average age: 25 years, range: 18 to 45 years). Reported soft tissue injuries included laceration/swelling/hematoma of one or both lips (n ¼ 5), laceration/ecchymosis/ detachment/displacement/ulceration of the hard and/or soft palatal mucosa (n ¼ 3), laceration/burns/sloughing/ ulceration of the gingiva (n ¼ 3), and laceration/burns of the tongue (n ¼ 3). In four cases, anterior maxillary fractures were evident. All seven patients suffered dental injuries, with the maxillary incisor teeth most commonly affected (n ¼ 5). Tooth avulsion occurred in all seven cases; other dental injuries included subluxation, lateral luxation, intrusion, root and crown fractures, and dental sensitivity. Four patients also exhibited burns and/or lacerations of the facial skin (in the perioral, cheek, and/or periocular regions). One patient reported transient tinnitus and loss of consciousness. 14 In a particularly severe case described by Paley et al., 16 a patient suffered not only oral injury but also significant ocular injury, including acute globe rupture and bilateral corneal burns. In addition, two patients experienced burns of the hand, and one patient reported a fire causing damage to personal property. 13, 16, 17 In the current case, our patient sought emergency dental care after initial management by a hospital emergency department and his family dentist; unfortunately, he did not return to our clinic for further treatment and follow-up. Treatment of orofacial trauma following intraoral e-cigarette explosion may be complex, costly, and protracted. Ideally, coordinated care is provided by a multidisciplinary team that may include practitioners in emergency medicine, plastic and reconstructive surgery, burn management, otolaryngology, oral and maxillofacial surgery, endodontics, dental implantology, restorative dentistry/prosthodontics, and speech/swallowing pathology. In the acute phase, management considerations typically include the following: airway maintenance; neurologic evaluation; hemostasis; CT and/or plain radiographs of the head and neck region, chest, and abdomen to rule out fractures (including those to the craniomaxillofacial bones and spine), foreign material, and aspirated teeth; and wound management. Significant maxillary or mandibular fractures may require reduction and fixation under general anesthesia. Medical considerations typically include tetanus booster immunization, pain management, prophylactic systemic antibiotics, and/or antimicrobial oral rinses. Dental treatment initially may involve extraction of root tips or unsalvageable teeth, repositioning and splinting of laterally luxated teeth, and endodontic treatment of restorable teeth with necrosis or irreversible pulpitis. An interim prosthesis may be indicated until more definitive dental rehabilitation (e.g. dental implants, fixed or removable prosthetics) can be rendered in the long-term. Patients with severe injuries to the hard palate, tongue, and/or oropharynx may require speech and swallowing rehabilitation.
In 2014, the U.S. Fire Administration issued a report regarding e-cigarette fires and explosions. 10 Although many such incidents likely have gone unreported, their investigation found that at least 25 separate ecigarette explosions/fires were described in the U.S. media from 2009 through August 2014, with nine resulting injuries and no deaths. Interestingly, most of these incidents occurred while the battery was charging, whereas only two occurred while the device was being used in the mouth. Since this report was issued, there have been several additional worldwide news reports of e-cigarettes exploding in users' mouths and causing serious injuries, including burns to the orofacial/ocular/ pharyngeal/esophageal/pulmonary/hand/chest regions, tooth fractures or loss, jaw/vertebral/hand fractures, and finger loss. 12, [19] [20] [21] [22] [23] [24] In addition, from 2008 through the 1st quarter of 2012, the FDA's Center for Tobacco Products received reports of 47 adverse e-cigaretterelated events; eight of these events were serious, and one included second degree facial burns from an explosion in a user's mouth. 25 Notably, out of all tobacco product adverse events reported to the FDA from the late 1980s through the 1st quarter of 2012, nearly half were relatively recent notifications regarding ecigarettes. 25 The U.S. Fire Administration attributed most ecigarette explosions and fires to the use of power adaptors not provided by the manufacturer. 10 Use of a power adaptor, USB port, or modifications not approved by the manufacturer may result in a phenomenon known as ''thermal runway,'' in which the lithium-ion battery receives higher than safe levels of current and undergoes an uncontrolled exothermic reaction. 6, 10 In the current case, our patient stated that the explosion occurred shortly after he charged the battery. Whether or not this explosion was caused by user error is unknown. Investigators also have noted that thermal runway potentially could result from poor device design, low quality materials, and manufacturing defects.
6 E-cigarette battery failure often results in a projectile effect, with the battery and/or cylindrical housing propelled like a rocket or bullet out of the weakest structural points at the ends of the device. 10 In order to prevent thermal runway, there are several failsafe mechanisms (e.g. overcharging protection circuits, internal overpressure relief mechanisms, thermal power cut-offs) that can be incorporated. 6, 10 The U.S. Fire Administration suggested that user education as well as safety design improvements may aid in preventing some e-cigarette explosions. 10 In the United States, the FDA only recently received approval to extend its authority to e-cigarettes and eliquids (as well as other ''newly deemed tobacco products'') under the 2009 Family Smoking Prevention and Tobacco Control Act, with new regulations taking effect in August 2016. 26 Without prior regulation, there has been considerable variation among individual e-cigarette products. Lack of standardization combined with rapid evolution of these products has made scientific safety studies difficult. 7 Health concerns regarding aerosols generated by e-cigarettes include the following: (1) upper respiratory irritation, dry cough, and ocular inflammation due to glycol and glycerol vapor, (2) dizziness, nausea, and vomiting due to acute inhaled nicotine exposure, (3) acceleration of coronary artery disease, hypertension, and acute cardiac ischemic events due to chronic exposure to nicotine absorbed by the lungs into the bloodstream, (4) nicotine's adverse effects on lipids and induction of insulin resistance. 7, 9, 27, 28 In addition, testing of some products has detected various toxic or carcinogenic contaminants -such as tobacco-specific nitrosamines, diethylene glycol, ethylene glycol, formaldehyde, and acrolein -in e-liquids and/or aerosols, albeit at typically low levels. 29, 30 Furthermore, hydrocarbons (such as terpenes) used as flavoring agents have been found at levels exceeding recommended safe limits in some e-cigarette products. 30 Overall, although ecigarette aerosols generally seem to contain lower levels of toxins and carcinogens compared to conventional tobacco smoke, further evaluation of product safety is needed.
Our patient was using e-cigarettes in an attempt to quit smoking conventional cigarettes. Interestingly, consumers and even some public health agencies have regarded e-cigarettes as a safer alternative to smoking cigarettes, and many studies suggest a positive relationship between e-cigarette use and smoking cessation. [31] [32] [33] However, existing scientific evidence is limited, and data from well-designed clinical trials and longitudinal population studies are needed to support the use of e-cigarettes in tobacco cessation. 33, 34 In conclusion, this case illustrates the potential for significant orofacial trauma from e-cigarette explosion. Although some studies and authorities have supported the use of e-cigarettes for tobacco cessation or harm reduction, recent reports of e-cigarette explosions raise important safety concerns. More studies are needed to assess e-cigarette safety. Device regulation as well as user education may help to prevent such incidents in the future.
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